Clay particles are negatively charged due to isomorphous substitution, incomplete occupation of the positions available for metal ions and release of protons from hydroxides.
The strength of these forces is a function of: 
Diffuse Double Layers
The surface of a clay particle, being negatively charged, attracts positive ions.
This region of attracted positive ions in solution and the negatively charged surface of the clay is termed the 'diffuse double layer'.
The diffuse double layer occurs at the interface between the clay surface and the soil solution.
It is made up of:
• the permanent negative charge of the clay and
• the cations or counter-ions in the soil solution that balance the negative charge.
The nature and properties of such layers are highly dependent on the type of:
-mineral and -the chemistry of the pore water.
Adsorbed Water (Stern Layer)
• The innermost layer of doublelayer water, which is held very strongly by clay, is known as adsorbed water (Stern layer).
• This water is more viscous than is free water.
• The orientation of water around the clay particles gives clay soils their plastic properties.
Initially, attraction from the negative colloid causes some of the positive ions to form a firmly attached layer around the surface of the colloid; this layer of counter-ions is known as the Stern layer. • The force of attraction between water and clay decreases with distance from the surface of the particles.
• All of the water held to clay particles by force of attraction is known as doublelayer water.
• For one cation to leave the double layer it must be replaced by another from the soil solution. The figure shows a sodium montmorillonite and kaolinite crystal with layers of adsorbed water. The thickness of the adsorbed water is approximately the same, but because of the size differences, the montmorillonite will have much greater activity, higher plasticity, and greater swelling, shrinkage, and volume change due to loading.
• The negative surface and the distributed charge in the adjacent phase are together termed the "diffuse double layer".
• Several theories have been proposed for the description of diffuse double layer.
• The Gouy Chapman Theory of the diffuse double layer is considered as the most successful.
Quantitative treatment of the diffuse double layer presents an extremely difficult and, in some respects, unsolved problem.
The simplest quantitative treatment is that due to Gouy ( The counter-ions (positive ions) are influenced by two equal but opposing forces:
• Attractive Forces the electrical force attracting the positive ion to the negative surface, and
• Dispersive Forces the diffusive or thermal forces (responsible for Brownian motion) which tend to move the cations away from the surface.
The binding force on to and between the clay plates depends on a number of factors including:
• the charge of the cations
• the size of the cations, including their hydration shell
• the thickness of the double layer outside the surface of the clay particles.
Strength of Attraction of Exchangeable Cations
The cations adsorbed on to the surface of the clay particles can greatly affect how the clay behaves.
The cations act as a link between the clay particles.
Similarly, dispersive organic matter (with negatively charged edges) can be linked strongly by positively charged cations. In a dispersive soil with a large exchangeable sodium percentage and small concentrations of water-soluble salts, the weak bonding of the clay particles by sodium ions can be broken.
As water enters between the clay particles it hydrates the sodium ions. This in turn forces the plates away from the ions and lowers the attractive force between the particles and the ions.
The plates may move far enough apart for attraction forces to be overcome. The result is dispersion. Since the doubly charged calcium ions are more strongly attracted to the clay surface than sodium, the thickness of the double layer is less and the tendency to swell is correspondingly less.
Much more importantly, the particular organisation of the clay particles where they overlap restricts the swelling, due to diffuse double layers.
